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INTERNATIONAL SASEGUARDS:

EXPERIENCE AND PROSPECTS

G. R, Keepin and H. 0. Menlove
Los Alamos National Laboratory

The international safequards system of
inspection and independent verification is
essentially unique in the application of
the rule-of-law in relations among sover-
eign nations. 1International Atomic Energy
Agency (IAEA) safequards have been ap-
plied, in one form or another, for nearly
twenty years, and have amassed a very sig-
nificant record of progress and achieve-
ments, Today over 95% of the nuclear ma-
terial and facilities, outside of nuclear
weapon states, are under IAEA safeguards,
Although the accomplishments and expansion
of safeguards to dalLe have been impres-
sive, one must not underestimate thc chal-
lenge and the realities that lie ahead as
many countries of the world move toward
expanded nuclear power (both IWRs and fast
breeder reactors) and supporting fuel-
cycle facilities.

A spate of safequards criticism, in-
quiries, studies, etc., inevitably follows
in the wake of a major safeguards-related
event such as the bombing of the Tamuz-1
reactor in June 1981. It has become abun-
dantly clear that thece is little or no
prospect of any major changes ian the ex-
isting international safeguards system of
agreement3  or in their institutional
fromework. Thus the present gsystem of
non-proliferation agreements (mainly NPT)
implemented by IAEA sa uguards is what we
have in place, and indeed is ull we're
likely to have in the foreseeable future,
Therefore the clear task before the world
nuclear community is to maintain and
strengthen the existing system of non-
proliferation undertakings and to increase
the effectiveness of nuclear eaieguards on
both the international and the national
(Stace) level,

It is equally clear that the effec-
tiveness of the overall (international
safequards regime regts largely on the
effectiveness of the State aystems, and in
turn the individual facility asystems,
whose performance th: international system
must independently verify. A fully effec-
tive safequards and security system at a
nuclear facility depends on a combination
of three basic components, (1) materials
measvrement and accounting, (2) materials
control, including (as appropriate} proc-
ess monitoring, and (1) physical protec-
ticn. Of tnese, only the materials meas-
uremant and accounting component offerna

the possibility of determining the amount
and location of the material in a plant at
any given time. Such capability for d
termining nuclear matcrial inventory wi .
adequate sensitivity and timeliness would
provide an overall quantitative check on
the combined effectiveness of all other
safequards and security measures at a fa-
cility. This unique role of measu.ement
and accounting has led over the years to
increasingly stringent reguirements being
placed on measurement capabilities for all
types of nuclear materials, and this in
turn has led to the development of a new
measurement technology -- now commor. .y
known as nordestructive assay (NDA),

The new NDA techniques complement, and
sometimes supplant, the traditional de-
structive assay methods of analytical
chemistry. YNDO? techniques fall into two
major categories, active and passive,
Active assay involves irvadiation with
neutrons or photons to induce fissions in
the sample. The resulting neutron or
gamma-ray "signatures" are interpreted to
determine gquantitatively the amount of
fissionable material present. Pas. ive
assay uses naturally occurring gamma-ray
and/or neutron radiations as direct signa-
tures of fissionable materials.

NDA methods are being developed and
applied to various aspects of inspection,
assay, and accountability of fissionable
materials found in the fuel cycle, This
includes feed and product as well as a
wide variety of fresh and spent reactor
fuels, recidues, and wastes generated by

the nuclear industry. NDA instruments
range in size and complexity from small
portable units (e.q. as small as a

carry-on suitcase) for use by IAEA inspec-
tors 4in on-site verification of nuclear
materials, to large .n-situ NDA systems
designed for routine in-plant use (e.q9. by
plant operators, subject ¢to independent
authentication by IAEA or State System
inspectors), when and as appropriate,
measurement results can be formatted for
direct input tuv a ~omputerized "near-real
time" material accountability and control
system, which can serve not only the needs
of safeguards and materials management,
but also of plant process and quality con-
trol, criticality safety, radiological
protection, etc.



One example of a portable instrument
designed specifically for safeguards in-
spector use 1is the Mini-MCA (multichannel
analyzer) unit recently delivered to the
IAEA (see Figure 1l). This wunit is illus-
trative of an emerging new generation of
NDA instruments with built-in "intell!-
gence"” which can greatly 2id the inspector
during specific iqspection and verifica-
tion measurements. The rew intelligent
instruments are designed to prompt the
user through the basic instrument func-
tions, to provide automation of specific
inspection measurements, and to perform
all necessary calculations internally,
They should be able to log both raw and
reduced data. Calibration should be buiit
in or calibration procedures should be
automated. As appropriate, the instrument
should be able to control, or be control-
led by, or to communicate with, another
instrument or information system. Insofar
as possible the intelligent instrunents
should ha their own built-in diagnos-
tics.

A special harcware-software interface
design in the Mini-MCA has made possible
the develcpment of a powerful inspector-
instrument interface, which allows the
inspector and the instrument to carry on a
dialogue. This dialogue is essential in
the automation of specific inspector meas-
urements. The first step in automating a
measurement is to specify the measurement
procedure in detail. The programmer then
designs the logic to implement tnis proce-
dure as a special analyzer function. In
implementing the logic, routines already
resident in the mini-MCA are called to dis-

Figure 1
The Los Alamos Portable Multichannel Ana-
lyzer, along with the Nal detector in the
contiqguration appropriate for enrichment
measurements, The analyzer is battery

powered ana contains sufficient measure-
ment and analysis software to direct a
complete entichment measurement.
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play prompting messages, to execute basic
instrument fuctions, and to perform the
specific calculations for the measure-
ment.

The Mini-MCA has a wide range of ap-
pPlications. Already implemented is a
U-235 enrichment mez=surement using a hal
gamma-ray detector. All results, includ-
ing error analysis, are calculated by the
instrument, Applications presently being
implementcd include: UFg measurements,
material-test~-reactor fuel measurements,
and verification of in-plant instrumenta-
tion. The Mini-MCA also lends itself to
plutonium isotopics sand to comtination
neutron and gamma-ray .easurements for
total plutonium assav (both elemental and
isotopic). The Mini-MCA has also been
used for making in-plant measurements of
nuclear material "holdup” and for measure-
ments on spent reactor fuel.

Another notablie example of portable
instrumentation for IAEA inspectors is the
family of neutron coincidence counter sys-
tems, all based on a common "shift regis-
ter” standard electronic3 unit that has
been developed to measure ccincident neu-
trons accuratelv over a wide dynamic range
of counting rates.? This importan:
family of instruments features not only
common shift-register 1logic but also a
common, standard procedure for data
acquisition and interpretation, with only
different detector heads beirj required to
measure many different types of wuranium
and plutonium-bearing nuclea: materials.
Three different units in this growing fam-
ily of necutron cnincidence counter systems
are pictured and briefly described in Fig-
ures 2-5.

The High 'evel Neutiron Coincidence
Counter (HLNC ,, shown in Figure 2, was
originally developed for the verification
of bulk samples of PuOy; in the kilogram
mass range, Because of the successful
implementation of this equipment for plu-
tonium, the IAEA wanted to apply similar
infirumentation tor the verification of
HEU (highly enriched vuranium) and lWR
({light water (eactor) fuel, This led to
the development of the Active Well coinci-
dence Counter (see Figure 3) for vari-
ous types of uranium fuel and the active
nautron Coincidence Collar4 (see Figures
4 and %) for LWR unirradiated fuel susem-
blies. Hore recently, the neutron coinci-
dence counting approach has been applied
to LMFBR (liquid metal [ast breeder r - ac-
tor) fuel subassemblies.

Significant proqress has been made by
the IAEA in the verification o! spent-fuel
aszemblies. The Javelin night-viewing
device, mhown in Figure 6, makes it possi-
ble to observe the intense Cerenkov radia-
tion from spent-fuel agssemblies in thei:
underwater siorage locationa. For a 1Iore
thorough {nmpection, the Agency can use
the so-called “square ring"™ detector smee
Figure 7} to measure the gross gamma:ray
and neutron eomissions from the spent-fuel



Figure 2 4
The High-Level Neutron Cqncidence Counter
(HLNCC) and its associdted coincidence
electronics. Normally operated 1in the
passive mode with Pu samples, this counter
can be equipped with neutron sources in
the endplugs wnd used ¢to assay uranium
samples in the active mode.
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assemblies. The Agency also has consider-
a"'e experience with the use of high-reso-
1" *ion gamma-ray and neut-on amissions
trom the spent-fuel assemblies.

The instruments in Figures 1-7 all
exemp' ‘“y an important trend in NDA Jn-
: ‘ion developmant, nam3yly towvard
n and standardization of
*nredures for safeguards in-
: ther IAEA or State System
iny, .ie resulting intelligent and
mutual. .npatible instrumentation Joffers
many advantages in inspector training,
equip~ent acceptance, and routine in-the-
field measurements, not to mention signif-
icantly reduced equipment maintenance and
logistics problems. Major emphasis in the
years just ahcad will be on the practical
implementation and routine field use of
these and other measurement instrunents,
methoJds, and techniques that, toqetaer
with containment and surveillance equip-
ment and techniques, form the technical
basis for the 1AEA's safeguards inspection
aid verification activities worldwide,.

Certainly good progress has been made
and {s continuing in the i{mportant area of
safequards technology devalopment and im-
plementation, However, the effectiveness
of the international safeguards regime
depends not only on technology but also on
less tanyible “human factors™ that are
extremely difficult to characterize, but

" certainly involve such basics as politi-

cal/economic consensus, cooperation, and
some degree of mutual trust and confidence
among people and nations. *his coopera-
tion begins as early as the negotiation of
a Safeguards Agreement between the IAEA
and the State, followed by negotiation of
subsidiary arrangements and later by the
gathering of appiropriate design informa-
tion and working out of dstailed facility
attachments (i.e. specific inspection/ver-
ification procedures mutually agreed to by
the IAEA and the State). Even after the
State Safeguards System is fully imple-
mented, there must be a continuing dia-
logue of guestions, ideas, and expe.ience
e.g., in seeking reasonable interpretation
of rules and limits in special cases or
new situations, in keeping up with updated
technology and procedures, new reporting
requirements, forms, etc.

All of this need for knowledge, mutual
understanding, and cooperation on the part
of both the inspector and "“inspected"
clearly underscores the importance of
training and technclogy transfer -- at the
international, the State, and the facility

A

Fiqure 3
The Active Well Coincidence Counter
(AWCC), along with jts asgociated coinci-
dence electronics. Neutron sources are

mounted in the end plugs, and the counter
asgsays uranium samples by counting coinci-
dence neutrons from induced fissions in
the U-235 present,



FPigure 4
Neutron Coincidence Collar in measurerent
position around a PWR fuei assembly mockup.
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levels. It is gratifying that the expand-
ing series of safeguards training courses
(both at IAEA headquarters and in Member
States) are now beginning to contribute
not only t~ the technical effectiveness
and objectivity of mafeguards but also eare
helping to build a spirit of cooperation,
mutual trust and confidence, and a shared
sense of common profecsional dedication
amcnyg safenuards people from around the
world. It is difficult to over-estimate
the importance aud long-term significance
of this latter .actor because, as in ail
human endeavors, the actual implementation
of effective &nd workable rnafeguards must
be ca:ried out by neople ~- and moreover
by qualified people wlith the requisite
training, knowledge, and motivation.

With regard to the role of State safe-
gquards systems and their interface with
the Agency, an increasing number of IAEA
{ember States are beginning to look to the
Acency (and mejor supplier nations) for
training and assistance in establishing
and/or upgrading their own national safe-
qJaras systems, In this emerging area of
sufequards tiaining and technology trans-
fer. the ccordinated efforts of the Agency
and nuclear supplier nations are contrib-
vting pomnitively to the ~»ffectiveness and

Figure 5
Howard Menlove, developer of the coinci-
dence collar, checks the assay for a fuel
asgembly mockup of a boiling-water reac-
tor. Neutron-dssay instruments like this
one are now used by the International

Atoamic Energy Agency in the verification
of nuclea:r material inventories at fuel
fabrication plants.

acceptability of both State systems and
IAEA international safeguards, in  the
future the IAEA, as the focal point of
safeguards worldwide, may be able to serve
a more uctive role in “he introduction and
transfer of modern Bafeguards technology
and i1ethods to Member States (both devel-
oping and advanced) wishing to establish
or improve their 3State systems of safe-
guards. As already noted, the effective-
ness of the overal. {nternational systera
depends in larqge measure on the effective-
ness of the State Systems (and in turn the
operators' aystems) whose performance the
international system must independentlv
verify. In this connectioi. it should be
further noted that methods and tcchnology
to provide independent authentication of
the facility operator's measurement Bys-
tems are alac being doveloped to help ac-
complish overall safequards goals.

The basic thrust of this presentation
can perhaps be most succinctly 3sumnarized
as follows: for wmafequards to work, the

equipment must work and the people must
work, (" Work " being here efined as



Figure 6

The night-viewing device that can be used

to detect the Cerenkov
by spent fuel stored in cooling ponds.

Figure 7

"Square Ring" detector containing an ion

champer and fission detectors (to detect
gross gamma rays and neutrons respec-
tively) placed around a 15 x 15 PWR fuel
assembly.
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“function effectively in the field.")
Beyond the technical development of in-
struments, methods, and techniques for
nuclear materials measurement, account-
ancy, surveillance, and c¢nntrol, this
further requires effective equipment
implementatioi:, training, and technology
transfer:

The overall goal of equipment imple-

menation is to close the gap between lab-
oratory capability and the practical real-
ities of in-plant and field operations.

The overall goal of training and tech-
nology transfer in the broadest sens2, is
to challenge, motivate, and bring out the
best in the Feogle (i.e. in~Mectors and
“inspectees” rom around tie world) who
together must make safeguards "work."

These twin goals offer a realistic
basis for further significant progress in
improving the effectiveness and efficiency
of nuclear safeguards -- both domestic and
internationa..
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